Two short time intervals centered at 2.3 and 4.7 Ma were studied to investigate short-term variations in surface-ocean processes as indicated by changes in the radiolarian microfossil population. These time intervals represent two different settings of late Neogene climate. The older interval represents a time when tropical circulation between the Pacific and Atlantic oceans was not blocked by the Isthmus of Panama, whereas the younger interval represents a time when Northern Hemisphere glaciation was present but did not display the dominance of the 100,000-yr cycle that characterizes the late Pleistocene. The younger time slice at 2.3 Ma was sampled at all Leg 138 sites except Site 844, where significant reworking was evident. All sites except 844, 853, and 854 were sampled for the older time slice. Samples were taken at 10-to 20-cm intervals at each site and spanned a GRAPE density maximum and minimum. Thus, it was possible to investigate whether the changes in carbonate content (as indicated by GRAPE density) were associated with changes in surface-ocean conditions (indicated by radiolarian assemblage variations).
INTRODUCTION
One of the remarkable features of the sediment sections collected during Ocean Drilling Program (ODP) Leg 138 is the rhythmic pattern of variations in calcium carbonate concentration. These patterns can be correlated over a significant region of the eastern equatorial Pacific (Shackleton et al., 1992) and can be used to define a detailed, orbitally derived time scale (Shackleton et al., this volume) . Together, drill Sites 846 through 853 provide a high-resolution record of eastern equatorial Pacific sediment variations spanning the last 10 m.y. Shackleton et al. (this volume) show that a very high degree of coherence (correlation) exists between solar insolation changes and the GRAPE density records, which in these sites provide an excellent proxy for calcium carbonate content (Hagelberg et al., this volume) . Variations in carbonate content reflect the interplay between surface production of calcium carbonate, dissolution and dilution by noncarbonate sediments. The variations in solar radiation are the result of the rhythmic changes in the tilt and precession of the earth's axis. The insolation record used by Shackleton et al. (this volume) was for summer insolation at 65°N. This record was selected because of its relative contributions of tilt and precessional components, not because a causal mechanism is directly related to summer insolation at high northern latitudes. One of the fundamental questions related to the study of climate change on time scales related to orbital forcing is, what are the linking mechanisms between insolation and climate response? Why, for example, do carbonate concentration variations in the equatorial Pacific Ocean contain such a strong insolation response?
Detailed analysis of the data sets spanning the last 6 m.y. by Hagelberg et al. (this volume) demonstrates that two distinct modes of variation can be extracted from proxy carbonate records of these sites. The spatial patterns of these modes of variation led Hagelberg et al. to conclude that variability in surface-ocean processes (i.e., upwelling, advection, etc.) play an important role in controlling the observed variability in calcium carbonate content of eastern equatorial Pacific sediments.
The purpose of this study is to provide direct evidence on how surface-ocean processes may have changed in association with changes in carbonate deposition. Arrhenius (1952) first proposed that the variations in calcium carbonate in late Pleistocene sediments of the equatorial Pacific reflected changes in near-surface biologic productivity in response to glacial-interglacial climate changes. Later workers argued that dissolution of carbonate better explained these carbonate cycles (e.g., Berger, 1973) , though some noted that surface production must also be important (Adelseck and Anderson, 1978) . More recently, Farrell and Prell (1989,1991) presented a compilation of central equatorial Pacific sediment records and concluded that, although little change occurred in the calcite compensation depth during the late Neogene, significant changes in the depth of the calcite lysocline could be documented and thus carbonate variations in the central part of the equatorial Pacific were related to dissolution changes. Archer (1991a Archer ( , 1991b ) questioned this conclusion of Farrell and Prell (1989) and, based on model calculations, suggested that production changes may have been important in controlling carbonate variations.
STRATEGY AND OBJECTIVES
In this study, we use radiolarian species census data to infer surface Oceanographic changes. Ideally, micropaleontologic data at the same resolution as the carbonate proxy data could be used to determine the degree of spatial and temporal coherence of these surfaceocean indicators. In this way, we could hope to provide an initial test of the hypothesis of Hagelberg et al. (this volume) . Recognizing that this data acquisition task was beyond the scope of a post-cruise research project, we designed a much-reduced sampling strategy to provide initial insights about the following paleoceanographic questions:
1. Are marked changes in the carbonate content of sediments associated with changes in surface-ocean indicators?
2. Is the relationship between high and low carbonate contents and surface indicators of climatic and Oceanographic states constant with time?
To begin to address these questions, we sampled and completed radiolarian species census on two time slices centered at about 2.3 Ma and at about 4.8 Ma. In addition to the radiolarian census data for these two time slices, we have radiolarian data from surface sediments of the Pacific basin (N.G. Pisias and A.C. Mix, unpubl. data) .
Each of these time slices spans an interval of high and low carbonate concentrations and allows us to examine the nature of surface Oceanographic variability during what are presumed to be two different climate regimes as compared to data spanning the late Pleistocene. Compared to the late Pleistocene, these two times are oceanographically and climatically quite different. The oldest interval is considered to be a time of open circulation between the tropical Pacific and Atlantic oceans through the Isthmus of Panama. The younger interval represents a time after the closure of the isthmus and near the beginning of Northern Hemisphere glaciation, when (unlike the late Pleistocene) little climatic variance was associated with 100,000-yr cycles.
METHODS

Samples
Using the stratigraphic framework established during Leg 138 (Shackleton et al., 1992) , sampling intervals were selected for each of the 11 Leg 138 sites. Because of evidence of significant reworking of the radiolarian fauna in Site 844, we do not present data from this site. The stratigraphic framework combines the distinct pattern of GRAPE density variations in Leg 138 sites with high-resolution biostratigraphy and magnetostratigraphy to define 20 correlative levels for Sites 846 through 853. The identification of correlative intervals for Sites 845 and 854 is much more problematic. The sediments at these sites, for the most part, had little calcium carbonate during the late Neogene, and GRAPE density records contain much lower amplitude variations. Correlation in these sites relies much more heavily on biostratigraphic and magnetostratigraphic information.
Samples studied are listed in Table 1 . For Time Slice 1, samples were taken to span a carbonate cycle starting with a carbonate low (GRAPE density minimum) and ending in a carbonate high (GRAPE density maximum). This carbonate cycle was easily seen during the sampling of each site by a distinct color change from dark (carbonate low) to a more white (carbonate high) sediment color. For the older time slice (Time Slice 2), samples were taken at two levels in each site. The older level, centered at about 4.87 Ma, was a distinct carbonate maximum, whereas the younger level, centered at about 4.75 Ma, was a marked carbonate minimum. These levels were selected on the basis of assuming that the distinct carbonate features could be more easily correlated from site to site. The GRAPE density records for the intervals sampled and the location of radiolarian samples are illustrated in Figure 1 .
As part of post-cruise research, Shackleton et al. ( this volume) developed a high-resolution chronology for Sites 846 through 852 using the strategy of orbital tuning.
Using these chronologies and chronologies based on paleomagnetic stratigraphy for Sites 845, 853, and 854, we plot the GRAPE density records vs. age in Figure 2 . Also shown are the samples taken as part of this study.
For Sites 846, 848, and 850 through 854, the radiolarian samples span the interval from about 2.35 to about 2.4 Ma and cross a GRAPE minimum and maximum at 2.38 and 2.36 Ma (Fig. 2A) . From Sites 847 and 849, samples span the next youngest and oldest GRAPE minimum and maximum, respectively.
The GRAPE records and radiolarian samples for Time Slice 2 are plotted vs. the chronology of Shackleton et al. (this volume) Thus, for the most part, comparisons of radiolarian fauna from the selected carbonate minima and maxima between sites appear to be time correlatable events based on the time scales developed by Shackleton et al. (this volume) . It could be argued that the chronology for these sites could be further refined to provide a much higher correlation between GRAPE maxima and minima (e.g., can the GRAPE minimum at 2.38 Ma in Site 846 be time correlatable to the 2.36-Ma event in Site 847?). We have chosen not to make further refinements to the chronology of Shackleton et al. (this volume) . Also, because of time and financial limitations, it was not possible to resample sites in which the original shipboard stratigraphy was of insufficient resolution to provide a complete, time-synchronous data set. However, we feel that this data set does provide sufficient resolution to begin to address the primary objectives set for this study.
Radiolarian Faunal Analysis
Samples were processed for radiolarian faunal analysis using the technique developed by Roelofs and Pisias (1986) . Samples were first treated with 50% hydrochloric acid to remove calcium carbonate. Hydrogen peroxide and potassium dichromate were used to oxidize any organic carbon contained in the samples. Cleaned samples are sieved at 63 µm, and microscope slides were made by random settling of the >63-µm fraction onto microscope cover slips. At no time was an ultrasonic bath used to disperse samples. Quantitative species census data were collected by counting at least 800 radiolarian specimens per sample. Radiolarians were categorized into 92 counting groups (Table 2 ) plus a category for unidentified forms.
For analyzing these data, we used information about the distribution of extant radiolaria in surface sediments to provide an initial view of the Oceanographic changes observed in the two time slices presented here. A database is now available that gives the distribution of radiolarians in surface sediments of the Pacific. Recent surface sediment distributions have been instrumental in our use of radiolarians to unravel past Oceanographic change (e.g., Molina-Cruz, 1977; Moore, 1978; Romine and Moore, 1981; Schramm, 1985) . Most of these studies concentrated on upper Pleistocene sediments, although few provided detailed quantitative radiolarian analyses for equatorial Pacific sections from the late Neogene (Alexandrovitch, 1989; Hays et al., 1989; Hagelberg and Pisias, 1990) .
For a study of late Pleistocene aged sediment cores (N.G. Pisias and A.C. Mix, unpubl. data) , paleoecological transfer functions were developed for the Pacific Ocean using the approach of Imbrie and Kipp (1971) . This analysis was based on 170 surface sediment samples from the Pacific Basin. The advantage of this data set over other previously published analyses is that both the surface sediments and the sediments from the Leg 138 sites were counted using the same taxonomic framework.
Factor analysis was used to describe the surface data set in terms of seven factors. In the factor analysis, 41 species were ultimately retained. Details of the analysis are presented in N.G. Pisias and A.C. 138-848C-5H-6, 40 138-848C-5H-6, 50 138-848C-5H-6, 60 138-848C-5H-6, 70 138-848C-5H-6, 80 138-848C-5H-6,90 I38-848C-5H-6, 100 138-848C-5H-6, 105 138-848C-5H-6, 110 138-848C-5H-6, 115 138-848C-5H-6, 120 138-848C-5H-6, 125 138-848C-5H-6, 130 138-848C-5H-6, 135 138-848C-5H-6. 140 138-848C-5H-6, 145 Mix (unpubl. data). Unlike previous efforts to develop transfer functions with radiolarian data (Sachs, 1973; Moore et al., 1980) , these data were first log-transformed. This transformation has the property of reducing the influence of a single, very abundant species on defining individual factors. In the original transfer function approach of Imbrie and Kipp (1971) , a percent range transformation was used. The percent range transformation has a number of disadvantages: (1) if all species abundance data are scaled to range from 0 (equal to the minimum occurrence) to 100 (the maximum values), the amount of noise in the data, especially for rare forms, is magnified; and (2) the percent range transformation introduces unnecessary zeros into the data set. The <2-mode factor analysis used by Imbrie and Kipp (1971) is an approach that uses intervariable ratios as the method of distinguishing sample differences, and the transformation of data to zeros fundamentally changes these ratios. A log transform was used to avoid these problems. The transformation does not increase the variance of any species weighting and thus does not seem to increase data noise. The transformation assigns the value of zero only to variables Λ Benson(1966) . 3 Molina-Cruz(1977) . 4 Moore(1974) . 5 Robertson(1975) . 6 Caulet and Nigrini (1988) . 7 Morley(1980) . 8 Nigrini and Lombari (1984) . 9 Knoll and Johnson (1975) . '" Takahashi and Honjo (1981) . " Kung (1973) . l2 Riedel(1953) .
that already have zero values (the log transform used is y = log[;t +1], where y is the transformed data and x is the proportion of a given species in a sample). In the development of a new paleotemperature transfer function for late Pleistocene samples, we also found that the statistical properties (the standard error of estimates) of the transfer function using a log-transform were improved relative to untransformed data (N.G. Pisias and A.C. Mix, unpubl. data) .
The seven factors, or "assemblages," account for more than 90% of Pacific wide data set (Figs. 3-5) . We show the distribution of three of the seven factors identified in the surface data set. These three factors were found to be the most informative with respect to the Leg 138 time slice study. Together, these three factors account for about 84% of the total surface data set; one should note, however, that selection of a factor based purely on how much of the surface data set it accounted for would be inappropriate. In a ß-mode factor analysis as used in this study, each sample is represented by a unit-length vector and the total information contained in the data set is defined as the number of samples (which is the sum of the length of all sample vectors). Factor analysis describes all sample vectors as a sum of new assemblages or factors. The vector length of this new description of each sample is called the communality. If a sample is perfectly described by the factor analysis model, then the communality is equal to 1. The sum of all the communalities gives the estimate of the amount of information contained in the factor analysis and, when expressed as a percentage of the original total (the number of samples), yields the percentage of the data set explained by the factor analysis. When interpreting the amount of information contained in any one factor, care must be taken to recognize the nonrandom distribution of the original data set. For example, a large fraction of the radiolarian surface samples are from the tropical and subtropical parts of the Pacific, with only a few samples from the true Antarctic. Thus, one can expect that a factor describing the Antarctic assemblage would not account for as large a fraction of the data set as a factor describing the tropical or tropical assemblage. Clearly, to describe the variability in the Antarctic, it is more appropriate to use an assemblage important to that region.
The most important assemblage found in the surface data set (i.e., the tropical factor; Fig. 3 
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-60. important components of this assemblage are species group Tetrapyle octacantha and Octopyle stenozoa, and the species Stylochlamydium asteriscus and Didymocyrtis tetrathalamus. This assemblage is most important in samples from the subtropical regions of the Pacific and is equivalent to the "tropical" assemblage identified by Moore (1978) . The second assemblage (the "transitional" assemblage) accounts for about 23% of the total data information and is found in the oceanic transition regions of both the North and South Pacific (Fig. 4) . This assemblage is dominated by Lithelius minor and Botryostrobus aquilonaris, with species Larcopyle butschlii, Echinomma delicatum, Stylodictya validispina, Prunopyle antarctica, and Pterocorys clausus also being important. This assemblage is very similar to the "transition" assemblage of Moore (1978) . The dominant species of this assemblage in both studies are the same.
The third assemblage relevant to this study is found along the eastern boundary of the Pacific and within the Northwest Pacific (Fig. 5) . In the surface sediment data set, this assemblage accounts for 4% of the total data set. The most important species in this assemblage are Spongurus sp., Lamprocyrtis nigriniae, Pterocorys clausus, Pterocorys minithorax, and Theocalyptra davisiana davisiana. The biregional distribution of this assemblage reflects the abundance of T. davisiana davisiana in the region of the Sea of Okhotsk and the importance of this species in the eastern boundary current regions of the Pacific.
Because all of the species used in the surface sediment factor analysis are extant during our Time Slice 1, we use this factor model to simplify the Time Slice 1 data set. The factor score matrix from the surface sediment analysis (Table 3 ) was used to predict the relative importance of these modern-day assemblages in the samples from Time Slice 1. As with the original factor analysis of the surface data, the Time Slice 1 data matrix first was normalized to consist of unit length vectors. The product of this matrix and the factor score matrix is the estimated factor loading matrix for the time slice samples (Table 4) .
Because many of the species used in radiolarian studies of recent sediments are not present during Time Slice 2, we use, for this preliminary analysis, the species assemblages identified by Hagelberg and Pisias (1990) . Hagelberg and Pisias (1990) analyzed radiolarian assemblages from the Pliocene section of Deep Sea Drilling Project (DSDP) Site 572. To extract paleoceanographic information, a paleotemperature transfer function was generated specifically for the Pliocene data set from Site 572. This factor analysis is based on 35 species, and six assemblages accounted for 91% of the information contained in this reduced data set. In this analysis the data was not log-transformed. The 35 species were selected based on comparisons between their relative abundances found in the Pliocene sediments of Sites 572 and 573 and in surface sediments from the Pacific.
For the analysis presented here, we concentrate on the pattern of change for the tropical, western Pacific and the Eastern Boundary Current (EBC) assemblage (Arctic/Peru Upwelling assemblage of Hagelberg and Pisias, 1990) . As with the assemblages used to analyze Time Slice 1, the tropical assemblage identified in this more limited factor analysis is dominated by T. octacantha and O. stenozona. An important difference between this limited factor analysis and the analysis used for the younger time slice is the identification of a western Pacific assemblage dominated by S. asteriscus, which for the most part is included in the tropical assemblage shown in Figure 3 . The EBC assemblage identified by Hagelberg and Pisias (1990) is dominated by P. minithorax, Spongurus sp., Polysolenia murrayana, and Echinomma delicatum. The first two species in this assemblage are also important in the EBC assemblage shown in Figure 5 . However, two species important in defining the pattern shown in Figure 5 , T. davisiana davisiana and L. nigriniae, evolved after Time Slice 2.
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RESULTS AND DISCUSSION
Time Slice 1 (-2.3 Ma)
In Table 4 , we list the modern factor loadings and the communalities for the 2.3-to 2.5-Ma time slice. As noted above, the communality of a sample is a measure of how well the factors reconstruct the original sample. The high communalities of the time slice samples suggests that using modern-day radiolarian distributions to describe radiolarian population changes during the late Neogene is not unreasonable. The mean communality of samples from Time Slice 1 is 0.83. This indicates that, for the 2.3-to 2.5-Ma time slice, more than 80% of the information contained in these data are described by the modern day assemblages.
In Figure 6 , for the interval from 2.3 to 2.5 Ma, we plot the GRAPE density and the factor loadings for the tropical, transitional, and Peru assemblages in Sites 845 through 854. For Sites 846, 849, and 851, we also plotted oxygen isotope data. The isotope data for Sites 846 and 849 are based on benthic foraminifers (Mix et al., this volume; Shackleton et al., this volume) and for Site 851 the data are from planktonic foraminifers (Ravelo and Shackleton, this volume).
The tropical and transitional assemblages are the most important assemblages during Time Slice 1. Recognizing that the resolution of these short radiolarian data sets differs from site to site, a consistent pattern of change is shared by most sites. In general, the GRAPE density minimum sampled in Time Slice 1 is characterized by a reduced level in the importance of the tropical assemblage and an increased importance in the transitional assemblage, whereas the GRAPE density maximum is characterized by an increased importance of the tropical assemblage. This pattern is most clearly demonstrated in Sites 846, 847, 850,852, and 854. In some sites, the changes in the transition fauna also has been paralleled by changes in the eastern boundary assemblage (e.g., Sites 847, 850, and 852).
Were we to have a perfectly uniform data set of time-correlative maxima and minima at each site, we would be able to make maps of the distribution of each assemblage at the times of these carbonate events. Instead, we can only contrast the assemblages found at the GRAPE (carbonate) minimum with those found at the GRAPE (carbonate) maximum at each site (Fig. 7) . In Table 4 , the samples used in the compilation have been identified. We selected samples by first identifying samples associated with a GRAPE minimum (GRAPE listings from the Leg 138 CD-ROM were used). Samples from the next youngest GRAPE maximum were then selected. If more than one sample was found to have similar GRAPE values, their factor values were averaged. By showing the change at each site from the GRAPE minimum to maximum, we are assuming that the relationship between surface Oceanographic change (radiolarian assemblages) and change in carbonate deposition is linear and time invariant over the relatively short space of time represented by the data set. Although this assumption cannot be tested with this limited data set, we think that this is a conservative approach to exploring the differences in the surface ocean between times of carbonate maxima and minima.
The difference maps (Fig. 7) demonstrate the consistency of the pattern of change noted before. The GRAPE maximum is characterized by the increased importance (positive values) of the tropical assemblage (Fig. 7A) at nearly all sites, whereas the cooler water transition assemblage is more important during GRAPE minima ( Fig.  7B ; negative values). The largest response is seen in the southeastern sites (Sites 846 and 847), closest to the influence of the Peru Current (Figs. 7A and 7B ), followed by a large response at the northernmost sites along the 110°W transect. Like the tropical assemblage, the 120.
-120. change in the relative importance of the transitional assemblage is of the same sign throughout the region (Fig. 7B) . The EBC assemblage, however, shows a different pattern between the eastern and western sites. In the east, this assemblage is more important during GRAPE minima much like the transitional assemblage. In the sites along 110°W, the EBC assemblage generally shows slightly higher values during the GRAPE maxima. The most northerly site (854) and Site 852 may have been influenced by the North Pacific eastern boundary current feeding into the North Equatorial Current (NEC; Site 854) or by enhanced local divergence between the NEC and the North Equatorial Countercurrent (NECC; Site 852). Although we have assumed that the selected GRAPE events are synchronous, some of the observed differences may be the result of the slightly different time intervals sampled at each site. However, this would not explain the differences among Sites 852, 851, and 850 ( Fig. 2A) .
The pattern of change is consistent with the hypothesis that the low GRAPE (carbonate) events of the interval represented by Time Slice 1 are times of cooler, and possibly more productive, Oceanographic conditions, as reflected by the decreased tropical assemblage and increased influence of transitional water species. This inference is supported by the isotope data available for Site 846, which show a clear change from heavy to light isotopes, paralleling changes in the sediment from low to high GRAPE density (Fig. 6) . The planktonic isotope data for Site 851 show a similar lightening, with increased warm-water radiolarian assemblages, although the pattern is less clear at Site 849 (Fig. 6) .
The strong change in the EBC assemblage at Sites 847 and 846 suggests that advection from the Peru Current decreases during carbonate highs. The response of the more northerly sites of the 110°W transect may also reflect a decreased influence from the eastern North Pacific. The response of the EBC species at sites nearer to the equator along 110°W shows relatively small differences among small numbers (loading); these differences may reflect more local wind-induced convergence and upwelling along the equatorial divergence during times of high carbonate. Thus, we may be seeing effects of local windinduced changes in circulation, combined with changes in the largescale circulation of the southeastern Pacific. This pattern of cooler Oceanographic conditions during times of decreased carbonate content in the equatorial Pacific ocean is opposite to what is inferred from studies of late Pleistocene age sediments (e.g., Pisias and Rea, 1988) .
Time Slice 2 (-4.8 Ma)
In Table 5 , we list the factor loadings and the communalities for the 4.7-to 5.0-Ma time slice, calculated from the factor matrix of Hagelberg and Pisias (1990) . The mean communality in Time Slice 2 is 0.89. This indicates that for this time slice, almost 90% of the information contained in the 35 selected extent species can be described by modern-day assemblages.
In Figure 8 , we have plotted the GRAPE density and factor loadings for the tropical, western Pacific and EBC assemblage for the interval from 4.7 to 5.0 Ma (as identified by Hagelberg and Pisias, 1990) at Sites 845 through 852. For this time slice, the patterns shown in Figure 8 are less well defined compared to those for Time Slice 1. In a fashion similar to that used for Time Slice 1, we have averaged the factor loadings for the high and low GRAPE intervals sampled at each site and have shown the differences in Figure 9 .
The change in the tropical assemblage during Time Slice 2 is similar to that during Time Slice 1. Most sites show a decrease in the importance of this assemblage at the GRAPE minima, with the largest changes found at the near-equator sites. Both the western Pacific and Figure 6 . GRAPE density and factor loadings for the tropical, transitional, and EBC radiolarian assemblage in Sites 845 through 854 vs. age. the EBC assemblage show similar patterns, with increased influence two assemblages, with the western Pacific assemblage being more of these assemblages during GRAPE minima. In general, the parallel important during El Nino events , whereas the behavior of these later two assemblages may seem inconsistent, given EBC assemblage would be important during the La Nina events, the association with very warm conditions of the western Pacific An important difference in the patterns shown in Figures 7 and 9 Age (Mα) Figure 6 (continued).
paleo-Peru Current, Site 847 may be more influenced by the interaction of the tropical Pacific and Atlantic circulation. Radiolarian evolutionary events of the early Pliocene also show strong temporal diachrony between sites on and just south of the equator, suggesting strong Oceanographic gradients in this region (Moore et al., 1993, and this volume) . It is hoped that modeling results will help test this inference. The results of Hovan (this volume) have important implications on possible circulation patterns during the older time slice of this study. Hovan shows that the Intertropical Convergence Zone (ITCZ) was positioned farther north before the early Pliocene. Thus, much of the equatorial circulation system was under the influence of the southern tradewinds. The seasonality of this system, then, would reflect only the season cycle of the southeastern trade winds rather than the effects of the seasonal changes in wind strength and the north-south migration of the ITCZ. Our results suggest that this wind circulation resulted in a much more zonal circulation (the out-of-phase behavior of Sites 846 and 847), combined with an enhanced seasonal cycle and/or enhanced El Nino cycle.
In contrast with the younger time slice, in which the tropical and transitional factors show consistent patterns of change throughout the study area during intervals of high and low GRAPE density, the older time slice shows marked zonal shifts in these patterns. During times of high GRAPE density, the tropical factor dominated the region just north of the equator (presumably the NECC). During times of low GRAPE density, the tropical factor dominated in regions of the SEC and NEC, whereas the western Pacific factor was most important in the region just north of the equator and the Peru factor was most important very close to the equator, particularly in the east (Site 847). Again, this points to stronger zonal advection during times of low carbonate.
CONCLUSIONS
These preliminary results suggest answers to the questions we have posed for this study. A systematic response appears to be found in the radiolarian assemblages of earliest and late Pliocene ages that can be associated with changes in carbonate deposition in the eastern equatorial Pacific. These data are consistent with the hypothesis that low carbonate intervals are related to cooler water conditions and possibly enhanced opal accumulation relative to carbonate accumulation. Times of increased carbonate content are associated with inferred warmer Oceanographic conditions: dominance of the tropical assemblage during Time Slice 1 and combined importance of tropical and western Pacific factors in Time Slice 2.
The latest studies on carbonate and biogenic silica deposition in the eastern equatorial Pacific seem to indicate that, at least in this region, the high rate of carbonate production during glacial intervals is the controlling factor in giving rise to the pattern of carbonate-rich sediments in the glacials and carbonate-poor sediments in the interglacials of the late Pleistocene (Archer 1991a (Archer , 1991b . Comparison of the radiolarian assemblages and the intervals of high and low carbonate in the 2.3-and 4.8-Ma time slices studied here seem to suggest that both before and after the closing of the Isthmus of Panama, high carbonate intervals are associated with the greater dominance of the tropical radiolarian assemblage-an assemblage thought to be indicative of 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  -5 the equatorial Pacific (Hagelberg and Pisias, 1990) . Data are for Sites 845 through 854.
relatively less productive near-surface waters. Thus, it appears that either carbonate preservation is a stronger control on the Pliocene stratigraphic record, or that variation in the flux of biogenic silica controlled carbonate percentages and the GRAPE record. The geographic patterns defined from these data are preliminary and await more detailed time-series analysis within each time slice. However, there is a suggestion that the largest responses are found in the southeastern sites of the study and in sites within the zone of equatorial divergence. This is consistent with the inferences made based on the variability of carbonate deposition in the Leg 138 drill sites (Hagelberg et al., this volume) . In their study, Hagelberg et al. (this volume) noted an out-of-phase relationship between the easternmost sites and the 110°W sites. This pattern was also seen in the radiolarian analysis, especially during the earliest Pliocene. Although 
